A new di-N-cyanoethylated 14-membered tetraaza macrocycle 1,8-bis(2-cyanoethyl) -3,5,7,7,10,12,14,14-octamethyl-1,4,8,11-tetraazacyclotetradecane 
Introduction
There has been considerable interest in the preparation of various 14-membered tetraaza macrocyclic compounds containing additional N-and/or C-alkyl groups because of the effects of the alkyl groups on their chemical properties and coordination geometry. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In most cases, the effects of the C-alkyl groups are relatively weak or negligible and have received much less attention than those of the N-alkyl groups. However, some recent works indicate that coordination geometry and/or chemical properties of such compounds can be also affected significantly by the C-alkyl groups if there are additional N-substituents. [6] [7] [8] [9] [10] Some 14-membered tetraaza macrocycles containing Ncyanoethyl pendant arms, such as L 7 , L 8 , L 10 , and L 11 , have been prepared. [10] [11] [12] [13] It has been observed that chemical reactivity of such compounds are strongly affected by the Csubstituents. For example, although [NiL 7 ] 2+ can be prepared readily by the reaction of the metal ion with the macrocycle, 11,12 the reaction of L 10 with Ni 2+ produces the di-Ncyanoethylated complex [NiL 11 ]
2+
; 10 the complex of L 10 can not be prepared by the reaction. 10 The cyanoethyl pendant arms (-CH 2 CH 2 CN) of [NiL 7 ] 2+ are slowly hydrolyzed to the corresponding amide groups (-CH 2 CH 2 CONH 2 ) in boiling aqueous solutions.
11, 12 On the other hand, [NiL 11 ] 2+ is completely decyanoethylated to [NiL 9 ] 2+ before hydrolysis under similar conditions. 10 Until now, the effects of C-substituents on the properties of N-cyanoethylated macrocyclic compounds are not thoroughly investigated because examples of such compounds are relatively rare. [10] [11] [12] This prompted to us to prepare the di-N-cyanoethylated macrocycle L 2 , in which eight methyl groups are attached to the carbon atoms, and its nickel(II) complexes. The nickel(II) complex of L 8 containing six C-methyl groups was also prepared for comparison. The major aim of this work was to understand the effects of the C-alkyl groups on the reactivity and coordination behavior of the N-cyanoethylated macrocyclic compounds. Somewhat surprisingly, it was found that the synthetic procedure and reactivity of the nickel(II) complex 
Experimental Section
Measurements. Infrared spectra were recorded with a Shimadzu IR-440 spectrophotometer, electronic absorption spectra with a Shimadzu UV-160 spectrophotometer, NMR spectra with a Varian Mercury 300 NMR spectrometer, and conductance measurements with a Metrohm Herisau Conductometer E518. Elemental analyses and mass spectral analysis were performed at the Korea Basic Science Institute, Taegu, Korea. Magnetic moments were calculated from magnetic susceptibility data obtained using a Johnson Matthey MK-1 magnetic susceptibility balance.
Synthesis. , and pH of the resulting solution was adjusted to ca. 3.0 by dropping 1.0 M HClO4. The solution, which was initially green, turned intense orange-red. After the resulting solution had been heated on the water bath for ca. 5 min, concentrated HClO4 (2-3 drops) and NaClO4 (excess) were added at room temperature to produce the red crystal. The product was filtered, washed with methanol, and recrystallized from DMSO-water ](ClO 4 ) 2 , obtained from DMSO/H 2 O solution, was mounted on a thin glass fiber. Intensity data were collected on an Enraf-Nonius CAD4 Diffractometer. Unit cell parameters were determined from a least-squares fit of 25 accurately centered reflections (20 < 2θ < 32). Data were collected at 293 K and were corrected for Lorentz and polarization effects. Empirical Ψ absorption correction was applied. The SHELXS-86 program was utilized for the heavy atom method. 17 The structure refinements were performed with the SHELXL-93 program on F 2 data. 18 Heavy atoms (Ni and Cl) were located by use of heavy atom method. ). Crystal and refinement data of the complex are summarized in Table 1 .
Results and Discussion
Synthesis and Characterization. The only product prepared from the reaction of L 1 with excess acrylonitrile in methanol was the di-N-cyanoethylated macrocycle L 2 . Such a di-N-cyanoethylation has been also observed for the reaction of L 7 with excess acrylonitrile. 13 However, present result is different from the fact that the tetra-N-cyanoethylated macrocycle L 10 as well as L 11 can be prepared readily by the reaction of L 9 with acrylonitrile under the similar condition. 10 The macrocycle L 2 dissolves in chloroform but slightly in methanol at room temperature. The mass, infrared, and In the electronic absorption spectra (Table 2) ](ClO 4 ) 2 (1.984(2) and 2.000(2) Å) 9 but are distinctly longer than those of other related nickel(II) complexes with di-N-alkylated 14-membered tetraaza macrocycles. 5, 7 One of the interesting structural features of the complex is that the Ni-N(2) distance is much longer than the Ni-N(1) distance. The N(2)-C(4) distance (1.549(3) Å) is also considerably longer than other N-C single bond distances. The relatively long Ni-N(2) and N(2)-C(4) distances may be resulted from the severe steric crowding caused by both the methyl groups at the C(4) atom and the N-cyanoethyl groups. The crystallographic study shows that the unusually weak ligand field of the complex is correlated with the long Ni-N(2) distance. (1) and (2), respectively) were too fast to measure with ordinary spectroscopic methods even at room temperature. Interestingly, such behaviors are in sharp contrast to the generally observed trend that most square-planar nickel(II) complexes of 14-membered tetraaza macrocycles are quite stable and are hardly attacked by en or acetate ion at room temperature. 10, 19, 23 Although [NiL
